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ABSTRACT

This paper preserts the resultg of data analyses for 25 preclpirorion
iDteasity statlons on rwo study areas in central and north-eentral utah
loc:rted at elevetlons betweel 4,380 and l0,l5o feet m. s.l. All data were
collected during the period Mty I to october gl. Each station has l0 or
more years of record; one $tation has 30 _yearg of record. The fottowing
analyses werc made: (1) Record eonsigfsncy; (2) dsflnltion of loeat prceipi:
latlon zones; (3) intensitl'*cluration-frequency chnracreristics; (4y 2{-hour
depths; (5) monthly depths and number of storms; (6) srorm oecurrence b.v
hour of tl'e dayr aad (?) storm oceurre'ce b-v storm duration. The precipi-
ta6onzono between 6,800 and 8,000 teet m.s.l. ls expecied to receive the
great€8t rainfau intensities. There ts a tren<l toward reduced iqte.qsifies
with increasing elevation but the trend is not uniforrn. rlourever, those pre-
cipitatlon zoaes that receive the most intelre rainfa[ do not ooincide with
those zones reccivtng rhe greatest depth of ralnfalt. Geoerally, rainfall
depth inoreasos w"ith elevntion, but on one study area the zone that received
the greetest deprh was not the htghost elevation zore. A marked dlfference
in tho dtsrflbutton of storm occqrrence by hour between the arro study areas
19 atffi,buted to clifferencos ln sr,orm tn€ aod to dtfferenceg it the prtncipal
sourco of summer molsture. Average sbrm length varies inversely with
elevatton.

P,6
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NTROA'CTION

Hydrologists'conmonll a:-caPt lhe fact that rainfall records for high nountain atca.sarc.exceedingly pcanty.. In utair, most of the rainfall intcnsity gages are locared in thcvalleys' at elevitlons less than 6,000 feet rn,.li. vort of the records of rainfall tnthe valleys have nover been analyzea-ror p"""ifii"tion-ctu".cterisrics of storns havlngdurati.ons of less than 60 rninutei. Even itro airaiieuie rocoras of ralnfall irr thc moun_teins have never boon analyzed for those storrn characteristics lhat ars most pertinerrtto wildland rnanagcrs and reseatch workers in the fierd of ratershed protection. In fact,nost of the available records heve never been.n"ii".J beyond weekly or rnonrhly torals.

Tlit PaPef Ptesqnts the result; of analyses of data fron ttdo mountain netrrorks ofrocording paecipitation gages: ll stations on che Great Easin Expcrimetrtal Area in cen_trar utah; and 14 stations on the Davis corrnty riptili.rlral warershctl in norrhern utah.The gages in central uteh are located at elevations between 5,550 and t0,150 feet n.s.l.The gages in northcrlr ut4h are located at elovation, tretwr* 41350 an<l g,000 feet m.s.I.(figs. I and Z).

All of the rainfall rccords were collectcd during the period May lst to gctober3lst. Irlost of rhese records werc obtained. frora "oigiii"i_type analog gages, bur a fewof the earlicst rccords were fron tiiping-bucket gages. 'the toral recorcls of allstations conprise 495 station seasonil s,zoz statioi r.o*, wsre recordod. A si,nglestorm was oftcn recorded on more than one gage.
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Eigune 2.--l4ap of the Dais County Erperinental ilaf,,22.Eft2e. Thc nonbened, eolid oitoles
u_e_preciyitqt-ion_intensity gages, The foun onecipi.tation zonea aye deLineatcd
uith heauy aoZid Lines.
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lhc Davis County Expcrincntal letershcd and tho Great 8as1n E:gcriuental Area ar.
locatcd on the Wesatch Range and the ltasrtch Platetu, rcspcctivsly. Thess tro oormtaln
ran8.s forn the hlgh-clovatton nldrib of the northern two-thifils of the State of Usah,The lhsatch Range forul the northsrn half of this nidrib and is charactcrizea Uy iiici
:lgp?s,_ dccp crn)rons, 1!d ridges thar risc to about LZ,S0O feer n.s.l.--3ome 3,000 to-6'000 fccg above the adjacent valleys. Thc high-platciu section of thc Coloraio plrteeu
pr_ovince ortcnds southward fron the lxasatch Range'to foro the southorn half of this nid-rib- Thc llasatch Plateau extgnds 75 niles fron nmth to south and hes . vJty narrorsumil, usually less than 6 niles nlde. Thc weste:a front is a gtcrt nonocllnal flexurrrhose scrata bend uprard to thc a.'rylit in a slnglc sHeep. The slmit ts about 10,500fect n.s.l.--eono 4-1000 to51500 fcet above thctan Pitfivaii"yio cfr" *"rt. Thc rinof the pleteau has boen notehcd by erosion and the str?srs havi trenched back to"ard thcsunit giving the plateu a dissocted appearance.

Tfiese tuo noul-taln rangcs have a rclatively Iong history of land usc--pa"ticularlygrazing--dating back to about 1847. Suuuer convectiie srorns dellvertng veiy high-intcruity rainfell havc baen tho source of dcstnrctive dcbris floods, Stnnter debrls
fl99at coanating frcm thc lfasatch Rarrgo wc"e perticularly dcatlucrivc (gailey Gr al.
1934;.and Eailey et al. 1947). Theso sunurcr-llood flors took livcs, destroytd prop"lty,
and disrupted comnuaities.

ch boch nountain rsng€s,- sunnes ?recipitation contributes vcr), tittte to streanflor.Ha:YgT, lt_is_ inpo131nt to tho proauition'of nountaln vegetation ihat is vital to soilstabiucy (Packer l95l; Orr 1957; Pacler 1963; and Croft ind Bailey f964), Howerrer,vctetal cover is only one factor that affccts the hydrologic pe,rfoinance of a waterihcd.stot! charactcristics also hevc a uaJor effect on tlie proccsses of soil erosion and floodproductlon, especially nhen thc lend becmes barren of vcget"t cover due to fire, roadcorstructionr oToTglazLag, or urban dwelopnent,

A 3totr was dcfined for this stndy as a period of precipitation, uninterrupted fora p*iod excecding. l-hour, delivering at leasi 0.10 incir of irater. uost of theie stornsuate convectlve thirndclstorns and fnontal thunderstorras aldcd thrflrgh orographic lifting.sumer ssnvcctivo cells, often assoeirted with lightning, usually atyroacfi fron thcsouth or southrest' whlch ls thc dlrection of thc prev"itittg rind oi'that season. sq,|tcof tlre storns that delivered the greetcar lntensit| of rainfall werc probably of a typethet has been terncd orographic-convective. The prlnary source of sumer noisturo aloftconel fron tlre Gulf of Mexico (llunphrcy 1962). A snell proportion of the total sronnscacs fron large f,rootal systems
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METI#)DS

Manuel and nachine ncthods wcrc used to digitize the original analog rainfall rec-
ords. Corpilation of thc digitized record was donc by coaputer.t The final cmFrtcir
output, for every storn consisted of both accr.nuleted preclpltation depth and rainfall
intonsity for thc folloring 12 tine durations: 2, 5, 10, 15, 2O, and 50 ninutes end 1,
2, 4, 6, 12, and 24 hours. The computer output also lncludcd tne total p'recipitation
depth for evety nonth as wcll as a yeerly snnnary of, naxinun dcpth and intcnsit)r.

Aewd Cmeisturcf

AI1 of the records were checked for consistcncy by double-nass plotting (Seercy and
tbrdison 1960). This tcchnlque was applled to the comblned depth records onllr for Jpl/
and August bccause all of thc geges were ln operatlon durtng these 2 nonths. A three-
st.tion prclininsry base pettern for oach study area was arbitraril), sclected to which
all other stations rlcrc comparcd. Frora these conparisons, th€ thrcc nost conslstcnt
statlons w€rg th€n choseu as the flnel basc Dattern.

---ilnr""iatlon ls expressed to Leon tfuber and Jack }l. Honeycr of utah statc tlntver-
sity and the Internountain Forest and Range Erperinent Statton, respectively. Mr. tluber
ls author of thc conputer progran PREINT; Mr. Horneyer euthor€d th€ computcr progran
AIIADIG. ?hese programs contributed materially Eo rhe conrpletion of this work.
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fnqrnqMpit,
A dstail€d annual scrles frcquency enelysis of rainfall lntcnsity was nadc for svcay

statlon. A scparato enalysis res nede for oach of thc 12 tinc durations. The foraula
dweloped by lleibull was used to obtain plotting posltions (Chor f964).

r-4
IT

whqsc

T r tesu:rrence interval, years
I r nuubcr of, ycars of rccord
ll . ordcr nunbcr of the itcls trrenged in dosccnding order.

Oris fonnrla has becn found to bc theosetically suitablc for plotting annual nexlnrn
sorlcs on cxtrcoal distdbutlon paper (Chow 1955). tlovorer, the dat8 ia this sttrdy rerc
troaG ncarly stfriSht on extrenel log papcr.

PcckarrdBrwrr(l962)dividcd,mfi,,.'.ionregions.Theyfomdthat
a large arount of tho varlatlon between regions in the Mey-Septeuber prrecipitation was
accqrnted for by alwation. All of our data are point data. Conseqrrentty, wo had to
dcfinc criteria for dividing the study areas into honogeoeous zones in qrder to nelce
aseal application of these point data.

The three criteria uscd follow: (1) stetion elevation; (2) the values from the
rtation intensity-duration-froqucncy curve; aad (3) the statisn l1s/12 ratio for all
durations betwcen 2 ard 30 ninutcs (figs. I and 2, tablcs I ard 2). The latter is a
dinsnsionless ratlo that oxpressos thc average slopc of the short-duration rainfall
itrtcnsit), curves between 2 and 10 years. This ratio wes cotlputed by dtvldtng the surua-
tlon of irrtcnsities having durations of 2, 5, 10, 15, 20, ard 30 ninutes fsr the lQ-yat
tccuf;rence intcrval by the conparable sunualion for a recurlence interval of 2 years.
Any rcgion that ls horaogeneous wlth respect to lts rainstorm characteristlcs should hsve
frcqucncy curvcs of about equal slope or stccpness. Consequently, ths Ig/I2 tetio is
a useful statistic for conparing thc slopes of frequerrcy curveg as a baris for Judglng
honogepeity of peecipitation zoncs.

2l-rhurWinM
The intensities for the 24-hour dura?ion were convcrtcd to prrccipitation dcpths for

rGcurreDca lntcwals of 101 25, and 50 ycars. Twenty-four hours vag the longest duretioa
exalined in this study.

Awtgc tnh| Ihpth elrd Mt rrbt of Stwnrs

Analyses for the av€rage nonthly dcpth of precipitatlon end the avcragc nrnber of
stotns pcr nonth are conplcte only for June-Septenbsr, At the highest elevation stttiong,
the data for May aad October Here insufflcient to conputc a rcliable nonthly average.

StumOcsnrwc bf HNr

Storn occurrcncg by hour was analyzed by cornpiling the nunber of storms starting in
any hour of the day cxprcssed as a pcrcent of thc total storlns. Thsse data rere plotted
as a nass cunrc for cach zonc.
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Stunt0csrrwD StmrMfu
In erch zone, lI duratlon intenrelr rere estebllshed to exslin. thc rolatlonship

bctrccn 3toa! occurrcncc and 3torl dur..tlon: l-10, ll-20, 2l-30, 5l-40' 4l-50' 5l-60,
6l-90, 9l-120, l2L-24O,241-360, ard treatsr than 350 ninutes, Ths nunb€a of stotus
that occurred ln ach duretl.on lntenral was totalod. A nass curvo of pcrcent of total
stotns was plotted egeinst thc ealtral value, or t'class narkr" of each duration intenral.
l'lrcse zonal cunrcs arc unvci8htcd tvctrsgcs.

Tablc l.--tticti,tt4 of the pnecipi&bion intansi.ty atationa

Statioa : nuu6erl : nunber..:..,.....-r-e9ord: record: elevation,,

DAVIS COI'NTY EXPERIUENTAT IVATERSTIED

Farnington hbrehouse
$|nset
Rlcs Cllnatic Statton
Farnington Flat
Heed Bigler Creck
Centewille
Perish cUnsttc Station
Head l,llllcrr Creek
Itlud creek
Heed Ford Cre.ek
Steed Creek
Bairs Caayon
llcad tlrlf,way Creck
Head Sheppard Creek

Sorcnsonts Field
OaIs Cllnatlc Statlon
GBRS lleadqusrters
Bluebell Bridgc
MeadoHs Cllnatlc Statlon
Alpiae Cattle Psstute
Alpine Physical Fgctors

Station
Philadelphis Flat
Alplne Arce A
Left Fork Ephrain Crrck fl
Alpl,ne Area B

GREAT BASTN EXPER,TME}NAI AREA

I
2
5
4
5
8

10
I4

7
9
6

l3
t2
It

I
2
2
2
3
3
3
4
3
3
3
4
4
4

1

2
3
4
4
4

4
4
4
4
4

30
17
27
z4
26
l0
22
22
20
17
l7
ll
26
l0

I
2
3
4
s
6

1939-68
2 tgcg-os

L942-6E
1942-6S
1941-66

ztgqg-sg
1942-65
t94t-62
1959-s8
1946-62
t946-62
L947-57
l94l -66
1948-57

4,550
6,400
6,800
7,600
8, ooo
8r200
8,200
8r350
8,370
8,700
8r800
8,800
8,900
9,000

5r550
7,650
E,850
9,000
9,850
9,900

9,900
gr95o

10,100
lo, loo
lo,150

1946-65
1942-65
1937-65
1942-55
1942-65
1946-s8

3t9tg-cs
7942-SS
I944-65
1946-59
1.944-6s

20
24
29
l4
24
l3

20
l4
22
l4
z2

I

7
E

9
rt
10

|See flgures I and 2.
zExccpt 1949.
3rxccirt l92l, 1930, 1933, and 1934.
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Tablc 2,--tueetpt&tlon unc fot eaoh eAfry m

DAVIS COUNTY EXPERIMEMAL I{ATERSHED

P.t4

I
2
3

.4

I
2
3
4

GREAT SASIN EXPERIUENTAL AREA

4,350
6,930
9,390
8,760

5,550
7,650
E,850
9,850

1.87
1.94
2.50
2.49

0akbrush
Aspen-firr-
Spruce-firz
Sprucc-fir

Plnyon-Junlpcr
0akbnrsh
Aspar-flr
Spnrce-fir

2.35
3. 16
1.73
2,25

lThe lowcr llnits of this PreciPitation
oakbnrsh typs.

2tre iowcr lirnits of this precipitatlon
aspen-fit IYPC.

zonc are in the

?one are in thc

I
I

I

AvcraSc strtion
clrveglon
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RESULTS

Cmsistentyhst

The records wGrc not adjustd. None of the nass cunfes plotted_as snooth stralght
tlnes end isolated points fli.rctuated both above and belor the trond lin€. Evcn so, the
breaks ln thc lincs didn't persist for a perlod as long as 5 years. Th9 brcaks in the
lincs wera considered to be'no grsater thin nright rcasonably be expected for thundcrstorn
data obtalnod frorn nountalnous rreas.

PreciPitathm Zo,ras

lflthtn oach study area, vegetal patterns werc closely rclated to the four grocipi-
tatlon zones (table 2). This ras not unexPectcd; however, veSetal tyPes were not con-
sidcred when the prccipitatioD zones wcre established. On the l{asatch Platcau' the
najor vegetal typcs arf pinyon-juniper, oakbnrsh, aspen'fir, and spnrce-fir' ort th:
ri"irt"t iango, ilre pi"yoit-.;irnipir tj1c-disappears ani_ oakbrush occuPies sites slnilar
to those ociuitea b| pinyon-lunipcr in areas south of thc Wasatch Rangc.

htwit y - 0tmtin - Fraquncy Eh*rctaisths

The cuwes in ftgures 3a to 5d and 4a to 4d are for recurrence lntcrvals of, 2 to
50 years and storm diratlons of 2, 5, lo, 20, and 30 ninutes and l, 2, 4, and 6 hours.
Tho 50-year rerurn perlod intensiti ii a lineat cxtrapolation and as such nust be uscd

wlth ca;tion. the iO-ycsr intcnsity is expecled to bl accuretely deterrained bccause

one cr no"e statlons tn the elght prectpttition tones have tecords dating -back nore than
iii-yoti. All of the curves *ire iittea by eye (Dalryrnple 1960). In readlng thell-' lt
is lnportant to remenbcr that thc tecurronce intcrval 1l tho average lnterval in whlch

an iniensity of given durat,lon will rccur as an annual seesonal naxinun.
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?igtge 6.--httenattg-d:t;c,.at'iorl-fne4uenV aum)es f-or nacettence intewals of 2 to 50 gea
od dupa,ti^, bf Z winubic ti O iipnns fon tne Davie Cowttg Ega;natlzl ttat*e6'
Cwtea fon preeipi.tatiqt furrz-Z a"" ,tb- in 6a, bne 2 in Ab-, ?pn'e t in 1cr ord,

Zone 4 7n 32. (Log'eztnerc dds*ikftion)
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?tgnne 4.--Intensity-&tzzti,an-f\quenag cilrles fot-nceuttence intuuale of 8 to 50

u.a,rE ota artittone- of 2'^irite, io a hauts for thc Grut Basin EsPdinatal Ana'.
ffi;;fo? we"'w;cai;an log 7 ua a7aiwt ii *', zop 2 ia 4bt ?'one 3 in le, ord
Zanc 17n ad. (Log'ertranc distrtbutdot)
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The precipitation vEluos used in naking the zonal _suflcs congained sone snowfall
events. At the h1;[;; eievations, snotr has bean rccorded during evqrl DC'Dth of the

t;;;.--Horiu"r, thirc ls lirrl€ doubt that the valucs for pcrlods of 2 hours end shortcr
fO* t""urtence intcrvals of I0 yeals and longer are ralnf,all everrts'

Closc exanlnatlon of figures 3 and 4 reveals that gmGratized conparlsons are dif-
ficult to neke. Conparisons should be confined to speciflc durattons end r€currerrce
intewals bocause thi negnitude of thc 2-yeas intensitr and the slopc of_ the curves

vary-witfrin ana between iones. For instance, on the Davis County etaa tho oqected-Z0-
rinnt", Sg-ycar intcnsl!), is grcatest in Zone 1, whilc thc 20-ninute, z-Yeat lntensity
ls greatest in Zone. 5.

Zote 2, aspen-fir tyfrs, ln tho Davis County area occuPies the bottor -of 
thc higher

reaches of iarmingr;-C;yo;. All of this zone lics behind t topograPhic barrier wlth
rcspcct to the p""u"iff"g sorrthwcst storrn dtrcction, and is the onty iono oa the le€rrard

;i;p.. rne phy3lographii cffcct in Zone 2 ilas not dotornincd P'rcclscly;.horcver, cm-
par"a to Zonls'l a;d '3, it 

"ppcars 
thet for durations less than 2 hours thc cxpccted

inteusities decreasc--especially at long lecrg:rence lntenrals'

0n both study areas, es elcvati,on increases, thcte is e tre'nd toward reduced
intensities at thl longetr tccurrcncs interrrals. Hotever, this tlcnd is_not rmifc'n.
Oi eactr area naxlmrn erpected intenslties are usually forxrd in the precipitatlon zone

occupled by the oakbrusir typc. Fortuitously, this vegetal t)?e also offers good Protcc'
tion against laindrop irnpact and overland flow.

Expected rainfall lnternsities in the aspen-fir type on both study areas ate sonc-
what less than those in the oakbrush typa at rnost durations and recurrcncg lntewals'

"x""pt 
at the short durations with short rccunence intervals. This exception is

proUiOly due to thc increased frequency of stonn occurrence with increasing elcvation.
tne int'ensity-duration-froqucncy iurvcs rcpresentative of thc hithctr spruce-fir zone

are nore steeply tnbtined th"n tttose of tht aspen-fir type. In both zsnes the cxpected
rainfall ingeirsiti"s at short recurrence intcn/als are about 3he satne, but they are
usually greater at the long recu:rrence intcrvals ln the spruce-fir_ t1ae... Horevcr, the
expecttd-intensities in thls !)?o ale usually less than those in thc oakbrush t)'p9'--oa
thi Davis County Experinentet i{iteruhed , Zone 4 in the spruce-fir- tpe is not markodly

dtffererrrt fron zoni'i, also in the spnrce-fir tnre, except that the 2-uinute duration
values differ only sllghtly fron the S-ninute values.

only a snarr percenrase ., 'r":: ::::# , either study area havc durations
gteat;; in"n o froui.s. Honiver, thess storms are of interast in the desig-1t of contour
trenches and road-drainage devices. Storos of long duration are rarcly flood-Producing
events tn these arees. Croft and Marston (f950) lndlcate that thc greatest stofiDs qn

tho Davi.s Countf Exferinental llatorshed averaged nuch less the$ 6 hours; thcy ranged

fron 50 Einutes to l0-l/2 hours.

The intensities wcre convertd to depths because depth ls of rnore intercsc than
intensity at the Z4-hour durallon. The ricurrence intervals sho*l in table 5 ele the
average intervals Ln which the givcn depth will rccur a3 an annual sessonal n3xiuun'

frhnthlf Ppcffitetim Ocfrh ail l&ntut of Stomc

The monthly precipitation depths Here deteftnind frorn gege cetch. We hoped that
these dara could clsriiy the rnouniain-valley preclpltatlon relationshipr when uscd in
conjuction with intensity-duration-frequency charaeteristics.
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Table S,--Expeotd, otntal acaonal nasinnn z4-ltott"
pnecipifuAian degthe, ln lnohee, by neowvmee
i.ntsttala od pteeipdtation zonea

Tong

Recurrence lntewsl (Years)

l0 2s 50

DAVI S COUNTY EXPERII,'IENTAL WATERSHED

1"
2
3
4

I
2
3
4

GREAT EASIN EXPERIMENTAL AREA

2.2L
2.04
r.44
I .54

t.t5
I .49
r.70
r.59

2.54
2.38
1.87
1.87

1.30
2.L6
2 -t6
1.65

2,7 4
z.{5
2.rL
t.97

1.54
2,47
2.53
r.70

Monthly precipitation fluctuates widely between zones and between y€ars. Any
nmth during ihe pirtod May-0ctober nay be completely dry at one or nore stations-
Also, any nonth.may exceed thc average by 500 to 700 Percelt.

on both study areas, the avelage nurnber of stornrs pef month tends tq vary as does

?he [onthly proctpltatlon depth (taUfe +). Tlre catch of sunrner prccipitation in Zonc 2
on tho Davis-Corrniy Expcrfutental tlatcrshcd wa! relatively high; this was attributed to
irs leelrerd position. Hovind (1965) rcported sinilar results, speclflca-lly' that gage

catch in the- lce of a,nountain peak exceeded that on the windward slope by es uuch as
400 p.rcant.

ltith respcct to thc zonal in?enslty-duration-frequency characleristics, the nost
Lntense rainfitts do not occur in rhc preclpltatlon zones recaiving the STeatest depths
of rainfall. Thc nost lntenss rainfall is generally expected to occur in Zone 2 on the
Great Eesin Expcrinental Arca and in Zonc l-of, the 0avis Comt)' Experinentat llatershed.
The depth of elpectcd rainfall on these zones ts less than that on ono of tio higher
elevetlon zones.

No pronowrced dry $tlruer period occurs ln the Great Basln area. Price and Evans
(f937) formd a binodal dry scason in Junc and Septenber. 0n the othor hand, our
anafyifs shows that July lnd Septenber aro the diiest months, Cqnsidering thc randon
natui.e of suruer pncclpitation our results are not in serious conflict with those
teportd by Pricjand -Evans. 

On the Devis Cornty Expcrlnental Watershed, July lc the
driest nonih, and Septenber is Ghe second driest month. The difference tn Jul)' totals
ba&feon the tlro study arcas appears to b€ relatcd to a Jesser effoct frqn convcctive-
orographic storms ln the Davis County area. Whether this difference on the tito areas
is friilarify due to the greater distance of the Davis CountY arrea fron the Gulf of
Mcxieo, to a lesser freqiency of favorable clrculEtion, or to Eore into,nrenint nountaln
barrters thst ilnpede thi tt1oiit southerly flow, is not evid€nt. Apparently the seoi-
Eqnsocm circulation that dwclops over ihc southwestern Unlted States and nakes July orc
of ths wettest nonths of the year tn that region does not affect the Davts County area.
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Trblo 4.--Ao€ruge d,epth of prceiVttatian, i'n lnehao, od qvWe nonbet of atona by

nontlt otd' PneciPi&ion zona

June i

-.Tolffi:

:
Septcnber : Average

--Fo-?:GF
July

-6--f
:s

DAVIS COUNTY EXPERIMANAL ilATERSHED

I
2
5
1

I
2
3
4

1.36
1.94.
l. t9
1.35

1.45

7.3 .34
s.5 .63
4.7 . S0

5.4 .61

s,7 .s2

2.0
2.4
5.1
3.6

2.E

0.s9 6.4
l. 0t 8.2
t.4I 11.4
l.41 10.4

1.10 9.1

1.07 4.7
l.2L 4.1
l.15 4.8
l. l0 4.9

1.13 4.6

4.4 .88 1.6
4.0 t.26 4.O
4.9 .97 1.4
4.6 1.00 4,6

4.5 1.05 4.4

.76
1.28
1.04

.92

r,00AYcrNSe

Avor1ge

0.60
1.55
r. 50
2,47

l.4E

7.7
11 .3
9,4

lr ,0

9.8

GREAT BASIN EXPER,IMENTAL AREA

0.73 8.6 0.79
t.ls 9.3 .93
L,62 r3,2 1.38
r.48 L2,s .98

1.24 r0.8 1.02

6.4 0.68 7.3
7 .s r. 16 9.0

10.3 1.45 11.r
8.0 r.58 LO.4

8.0 l.2r 9,4

i

Sttm Oeurnncc by nqtr

0n thc average, the Great Basin area recelves uorc than twice a5 nany sto:tlltt during
rhe pc;iod Juno-SEpienfer shan docs the Davis County afca (table 4).

Betwcen the two a!e8s, diffeccnceg ln hour of stortt occurrencs are nuclr uorc
striklng then are zonal atiferences (flgures 5,-6). Ttc inset in eEch of ftgrrros 5-

end 6 ij a scnemaric showing the distribution of storns by hour; in each, nidnight is
rdJusted ro zero. The inscts ctnno! be used to derive figures 5 or 6'

The cuwe for the Grcet Basin erea is of the S-t)rpe, while that fo: the oevis County

aree is aorc llnear--slightly concava upuard. Thus, only 15 percent -of the storns in
rhe Greet Basin aria occ[r bifore 0600 hours,45 percent before 1200 hours, and E4 pcr-
ccnt before lE00 hourr. 0n the Davls County al'ea, 22 percent occur befsre 0600 houts,
45 perccnt before 1200 hours, and?2 psrcenc beforc 1800 hours. In general, the pattem
Of Storn occuretlcC ln the Gieat Basin arga conforms to the popular concePt that Eost
of the stortns occur bctween 1000 end 1800 houts, pcaking at about 1300 hours. Honevor'
iha p,.ttetn ln the DaviS Cotrnty area does not; it is nore nearly unifonr' Thorc is e

sfigirt but steady increasc ln storrn occurence up until 2000 hours follored by a sharP

decioase up untii "i,lnigtt.. 
These dlffarences in storn occurrence-ore probably associ-

eted lrith tfre prfncip.i"tour". of sunrrer noisture and atrnospheric lnstabillry ncchanisns'
ln the Great gasln elea, thernal conyrction is ttre principai sourc€ of lhunderstoms and

ths Gulf of llexico is t[e chief source of noisture. ln thc Davis Cqrnty area, tHo

l5
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Fi4we 6.--l'tase cJltrue of aea,oruTated pcromt df totat etomrd by haun of stont bcarinni.ng,
fot geof,p'f'tatlan Zone 3 of the Creat Basin F,rp*bnantuL Area, Ihe inset i.s a . !
sohautb sha'riry the dist?ibuti,on of stotma by now.

11 n.a. I r.a. I a.ol, 11 no.i a t.t. | 
'.ar 

ft n...

CTOCI tlnl, n..r.

?i,gure 6.-4ass otuFue of aoowrulated, pereent of tutal €tomrl by houz of stottn bqiwting,
f,or pnaei,pitation Zorc 3 of the Dauic Cotmty ErperinentaL thtenehed. The inset is
a echann?ic eha,ring the distribution of stomre by hon.

ata
o
a

bI
Io
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IIa
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a
a
v-t

I
to

-Il,a
Ia
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soutces of noisture probably exist--thc lturtcr-circulatlon pettcrn thet pulls aoisture
northwerd fron the Gulf of Mo:ctco and the roak cold frontg th3t Eovo lnlrrd frm tho
Pactflc Occan. Thcso weak fronts are often of the underrrrnnlng trye erd trigter frqatel
rhowers rrd thurdcrstolrs. The errlvat of these cold fronts ls lndependent of ttnc.
Thcrcforc, the curve for the Oavls Cormty rrea docs not pcak nerkedly tn thc carl)t
efgcrnoon. HowsnGtr, thcrrnal convcctlon ls e couraron o€curroncc hcro, rnd thls acchentst
lncrceses the occurrencc of afternoon end cvcnlng rhuaderstorrns. tfcak sutm.r cold fronts
oft6n pess to the north of tho Great Easln arca.

SlanMnwt hl Stun fufiin
Unlile the storn-occurrcnce-b/-hour data, thcrc data shq ml), ninc differcnces

betrcen study lrcas, but rather narked dlfferenccs betwcon clqrations. Flguros 7 erd 8
are llass cufles of eccunulated pcrcent of total stonns by storn duretton for Zsncs I
end 4 of the Devis County arca, respccttvcly. The cunres fsr cach zonc of tha'Devls
Coun?y arca are typicsl of thore for the Great Easln aroa. Flgurcs 7 and 6 arc thc tro
Grtrcncs of the Davis county area.

As elevation incrcases frou 41550 faot ln Zone I ro 8,760 fcet ln Zo\o 4, the storns
beconc notably shortcr. Thus, ln Zsne l, 25 percant of the storns last less than 70
nlnutes, 50 pcrcent less then 155 ntnutca, and 75 percent less than 255 ninutes. Thit-
Eoen pcrcsnt of the storms exceed 6 hours in lcngth. In Zone 4, 25 percent last loss
then 55 ninutes, 50 percent less than 100 nlnutes, and 75 pcrccnt lcss than 155 ntnutes.
Only 4 pcrccnt exceed 6 hours in lcngth.

6 rao uo rc
DUtAilOil, ntl{urrt

b
:
!t
oFI|
.a

oF
L
0
Fz
llvc
It

Eigan ?,--Mqss c.une of aeewnahted perccnt of totel ctons by ctotm dtuvtian fot
pnecipdtabian ?ane 1 of the Dauds Cowtty Expeni'nental Hatenahad.
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Figute 8,-4,lase awe af acoumtlated pe"eent of total atoms by storn duwtdon fon- 
W@iryEatdon Zone 4 of the Davi.s Cowrty tupethental lhtenahd,
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Dtscusstoil

In general, the nountain-vallo)' lntenslty relationships stated by Brancato (19a2)

hold true for thcss'dats. lle steted:

With rcgerd to variation of thundorstom rainfall with
elevatldn'.'over a long period of tlne a station
located 8t a lower clevailon ls ltkely to axPerience the
nost tntense thundcrstorm.

Dorroh (f946) also substantiatos this hypothesis. However, the naxinr:n expectcd rain-
fall lntonsitics ln the asperr-fir tfpc aro -sonewhat lower than thos€ oxpected at cither
hlgher or lower eravations.

plant covor destnrction resultlng in activc flood and sedlnent source arcas has

occrrrred prevalentli' on hlgh-elavation hcrbaceous sites that lie above the aspen-flr-
type, and was due prlmarily to suntner grazing o1eruse by llvestock' O:r date shor that
thi rainfatl inteniities erpoctod to occur on such gltes arc quitc substantial-

Sone of the rginfall lntensltles that can lre expcctd to occur probably wlll be
greater thal the infilcratton capacities of sorne sltes, Paltlcularly those in poor
f,ydrologic condition. Herrce, ovcrland flow is alnogt a cerEalnty. Fsrtunatcly,
nrinagenint practlces on mountain watersheds can drasticall)' slter runof,f volurnes and

Elool peaks. fnir has been amply and convincingly domonslraled on tho Davis County
Experiiental l{atershed (Balloy- oi al. 1934 arrd ltailey et aL L947). On both study atcas
ln the mlddle l930ts, sevcr" mud-roch floods were gencrated by storn Gvents with a re-
curronce lnterval of only l5 yesfs. Slnce that tine, both VegoEal and nschanlcal
rchabilitation neasut"r 'h"ve resulted tn tho satlsfactory disposi!ion of storm rains of
equal or greater rnagnitude,

:0
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Fortunetcl),, the trcatest ennual rainfall inten:ities con be expected to fatl on

the oakbrush typo, Historically, flood source arcas have not existed in thls vcgctal
typr. ttowevcr,-vegetal conversion as a mcans of tlcreasing water_yields fron the oak-
bilsh typc has boen considered. The potentlal hydroneteorological inplications of such.
conversions aro clear--the resultirrg vegetal type should be eble to handle storm raln-
fall of htgh lntcnsity nithout productng serioui flood csrrcentratlons or soil crrosion.
Rcgardlessl urban encroactunent ind the pavlng of areas within the oakbrush tyPc can bc
cxpccted to produco localizcd floodlng.

Depth-{uratlorr curvc! suggest that the longcr the stoan, the greater the nrnoff.
0sborn ?fgOC) has pointed out-ihat Eho uso of depth-duratlon data can result ln nislcad-
fng runoff vatues,' He reported that, in the seniarid southwest rangeland, najor runoff
evints are often the result of short-lived, high-intcneit/ convective stotns. 0sbornts
concluslon ls gcncrall)r appllcable to our study areas, Major uuoounts of sumer runoff
wlll usually corne frorstbilns of nedlunr duration, i.e., ? to 6 hours, with short perrlods
of hlgh-tntonslty rainfell lrursts.

Apparently, no finn relation.ship cxlsts between gunner precipitation on the lolresit
and on'itre trigirest zones. Cfyde (t9!t) was unable to sstablish a rclationship betwcan
procipltation in the valleys wlth that in the nountains. The long tcrm avcrages of
ironttriy depth show that the ratlo betwecn highesl and lowest zones varies betvtc€n 1.2
and 4.1. but in any given year, these ratios may be qulte differe,nt. Nonctheless' there
ls a definite trend toward greater avcrags monthly depth.: with increasing elevation.
There arc no indications that precipitation depth decreases abovc a certain altitude.

Although thc Dountain-valley intensicy relatlolrships tended to follow Brancatofs'
(lg4?) thesis that the lower lylng sratlons receive lhc mqst intense rEirrfall ' our drta
do noi support his contenEion concerning the amourlt of rainfall. lle stated:

Thre,e ro four tines as nany thunderstonns occurred on the middle and upper
wlnd}ard slopes of the nountalns as on the relatively flat and lowcr
portions of the besin. ltowcver, coutrary to publishcd and popular sccounts,
ihe thunderstoHns prduced thc grcatest amount of precipitation at Eh€

lower elevatlorls and not on the mountain slopes. The most favorable
conditlon for the productlon of heavy rain is the presencc of, an ai-r nass
wlth a sufficient anount of available energy and the greatcst possible
amount of noisture. Orographic lifting is very effectivc as a nechanlsm
to release the latent energy in an alr nass, but as tho air is fifted
over progresslvely higher terrain, the total anotlnt of available
procipitaUle watcr above any given area becomes progtessivcly snaller.

Tvo assunptlons upon which Erancato basos his thesis might be questioncd. One ts
the assunption that thi amount of precipitable watcr in an airmass becones signlficantly
less as'ii is forcod over a single mountain crest. It is not flkcly thet thc total
precipitablo water changes very much on adjacont prccipitatiolr zones. Significant
dt"inltion of preclpltaf,t" t.ttt requires ihe poslag. 

-of 
an airnrass over substentlal

sections of tcirain. Another is ttrd assumption thai orographic lifting is the doninant
uechanisrn trlggcrlng stonns. Orographic effccts nay uell contribute to sunner thowcr
activity, but-ihe local daytirne slope heating arrd induced upslope breczeg are p-robably

nore lnportant. Cold fronis an,l upper troug[s nay alro conlribute to sone of the storns'
especiaity early and late in thc season. Thcsc may act in conJunction with daytinc
surfacc hcatirrg and orographic lifting.

The relation between elevetiorr and nunber of storms is stmllar to ihat bctwcen

elevetion and average morrthly rainfafi depth, 'l'he ratio between the rtsnber of -storn
occurrences or the tigh"st zbnos and at tha lorrest zones vtries between o'7 and l'6'

2L
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Tabte s.--the ft14es of 60-nintta ncinfall intewities' in- iin"" -pa hde' fon the 10' atd 50'yee
resurz\enoe intc*tal"e by vqione

Region l0 ycars 50 years

Cortral Q southcrn Iddto
Northern tltah
Csntrtl tEah
Southorn Utdr &

northcrn Arlzona
Southera Arizona

0,22-0.45
0.37-0.86
0 .62-0. 86

1.11-1.s0
1.61-1.99

o,s8-0.77
0.96-2.20
0.98-1.20

1. 59-2.00
2.22-2.60

What is the areal appllcability of thc intcnsity data? In additlon to thc info'ma-

tion fieientcd herel i"il'.ii."vaitabte for 4t additional int€nsity gagcs located in
Ner,r Mexico, Arizonai Ui"ft, ana Idaho. The additional data include intmslty'frequency
lnfonnation for the 60-nlnute durations (table 5) '

The trend torrard greeter intenslttes ls inescapaUlg if one exanines the hourly
data ar rhc nos! noiif,Ei"-i"ges, which are in centril ldeho, and then progressively

noves to the "ote 
Southerty ltaiions in southcastern Idaho; northern, central' and

gouthefn Utah; and northern and southern Arizona. Sorne anonalies are present, but this
!s expected since th.ese stations are grJuped lrrespectively of clevation, physiography'

and source og rt6"t:iiiitri.. -for uty given recurr.ence intcntal , our daGa (figs' 3'4)
pi"UiUif undirestftati the 60-ninute riiit81l intonsities for stations in southorn

Utah and Arlzona snd overestinate those for southsrn and central ldaho' This rel'tion-
itfp ir expected to hold fof all duratlons fron about 30 rninutes to 24 hours'

Evidence that ratnfall intensities in all of these areas nay be reasonably comp8r-

able for dltrations shorter tharr 30 minutes exists in naximun observod 2'uinute intensl-
tiss for selectod stations ln ldaho, U!ah, and Arizona as folrow: Reynolds croek'
Idaho, 17.08 irrches-per irour;Oaks ifimati" Stetion, Utah,14'40 inches per hour; and

Tonbstone, Arizona, 18.21 inches per hour. Thc rnaxinun differences in thesc internsittes
o'nly anormt to O.l3-inch depth in 2 nlnutes'

Kidd (1964), working ln south-cerrtral ldaho, riported tho ls-ninute,4'year return
pertod lntensity as g tnlhes per. hour. His period of record was only 5 years' This is
about an inch pcr hour greatet than woul.d be'expected in northern and cerntral Utah'

Keppcl and Flercher (195E) reported the zo-minute, 100-)'car rainfall lntensity 3s

6 inchcs per hour in sot ttrcrn iri.zina. This ts very close to the extrapolated 100-year

valu. of S.8 inchcs'p"" f,ou" for precipltation Zone'1 on thc Davis County E:cperinental

Itatershed. rney aisl iepoiiea tnit 80'pe"99nt of tho etor's lasted less than 4 hours'

This corpares qulte favoiably with our flndings'

The transposition of these data to othel areas should be apyroached ceutiously'
Ho,r"ue!, for low-rtsk hydrologic desiln p"oUf*tr th€ data for iirrations lcss than 30

nlnutes are probabl), fepresentstive oi oriny wtndward nountain slopes throughout southern

Idaho, eastern Nevada, utah, antl Arizona, At durations of 50 nin-utes and great-er, rain-
fall intenslrles reported hire aro probably too high f,or tho notthern Patt of this re-
glon and too low for the southern Part'
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